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(57) Abstract: A method for measuring a substance to be measured by 
means of a fluorescence, which comprises carrying out a measurement in 
the presence of (1) a specific fluorescent probe emitting a fluorescence by 
a specific reaction with the substance to be measured and (2) a donor hav- 
ing a long life fluorescence by itself and being capable of combining with 
the specific fluorescent probe as an acceptor and of allowing the accep- 
tor to undergo a fluorescence resonance energy transfer (provided that the 
donor forms no chemical bonding with the specific fluorescent probe), 
wherein a fluorescence emitted by the reaction of the acceptor with the 
substance to be measured is converted to a long life fluorescence of exci- 
tation type by the fluorescence resonance energy transfer induced in the 
acceptor. 
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■ w m m 

y-=^^-C$>§ High-throughput screening (HTS) Kl*5fr3##r (assay) a 

<b#Xlbtb-CV^ (Rogers, M. V. , Drug Discovery Today, Vol. 2, pp. 156-160, 
1997) o 

&yt&&%\ bafeswfew «ra£i-5*ScT»tt, a^fcHMMticfi 
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K3bfc©^W«rti■|^:a3ei-«*ife^SK**^^TV^fc 0 

^y^^9^VK«3t©j^flP@jefcBiL"Ctt, ^ra^m^t (Time Resolved 
Fluorescence : TRF) fe£&$1-3#fe;&M&f^£*LT^5„ iftttU yyf/J 

K-r *^#©8bteasft+w * o ft 3: y # t menMfr-cfc 5 © fc*f 
^ttft^-y^feft+^y^iftv^t^s, ^^fljB*fl8Wii, 

(Delay Time) fclSttT, ^ ^7 ^ V W^i* Lfcfluyy^ 

Rifcl^ftSftUB (0ij x. tf , a£*Hfc*9t i:M7"J)^XL55 dna K 

£fo fjsJS SrfU^i- 5 ^HJifeMJSIM^ffRjSoafeKittStJEKt-* £ 

' — l&ttt&^^^-fc^'— 1&% (Fluorescence Resonance Energy Transfer : 
FRET) tt-O0a«*te2«©«3fett#*> ( K7— ) (T^ir 

FRET fit, ^*tS^ff0ffi^»KlW©^k&5VNrift^6«JM03EftSr4feW 

U C 5 FRET SrtfeW-rsr fcteJ;5$HHHJttE 

POMS; (2) a-^rt©Hft«W*© 2 ^fc^ft^h^^g&frT^ 
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»U ttbfr<Dmmz.J&%LX±VZ> FRET $#©£fc£tllil« 5 x # 

£© 2 ^©ffi#«K*©«ft:©«j£; (3) @ »©«H»*#Jlttk:fB»-*-5^^ 

&*fcb&®fcX-mML,®Mffi'&<D FRET ^^©^^^W-T5 i t J: -50^ 

-00»J3t^rt-C TRF £ FRET Sr«I^*3*5^fe|4 % Homogenuos Time 
Resolved Fluorometry (HTRF) LTig¥% oa»©&#as&«5 0 ^.fr^a 
-Dt'^is^ty^m U g^fti- APC 104,000 ©^^tt^ V/^ 

ttj^icjsvNT^ temtrnzmmmz^isttbtDm^tfibz, ^.<D^m\t, trf 

SrfflVN5^t{cJ:«5^5/^^7^^K^Sr«$^ s/N < ffl±£* 

*fte##***$3fc$r#L FRET fcjgc: t#5«4#i*M»K*t5a» 
ft i Sr, S&EgMiK: * § <fc 5 tt FRET C-f , i 

rfifflE»fc#*fc£;h/r g*fc#SrCt 5 B#K FRET ft*£tZ>m& 
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ilS^/P-y^S^at^t FRET ££C£i*5r .t^lT^^ 
&#f* £r## £ * 5 r £ J; 9, ^llftgft :7° n - :/ £ $!l£*f»|t £ ©KSlc 
£ >9 £C5M£#^fttf><b©FRET fc«fc U •£©«#« 

TRFS1^1"S n «fc 0 N ©^je»*«b«Srffi«)Tils«SK:«^-ct 

5r.fc4rj.aLfc. *fc, imm%b\*s z.<o^m^^mt, 

§g (7V-}>fti?) ^fe^C5^^^^9 9^K3t3te©*»«rS»t-ffcill«i-5 
*iJ,SrSfz:^j*$tbfc'fe©-e&5o 

(1) «;ft#tWK:#MftK:SJS LtmS:4i:5#IW/a-^ 

(2) ^^@#dS^##^Sr*L^#^^7 p n-y4r^WfcL-C^^#: 

r. b ft^mtm-W (fcfc URiH^ttri 
^^5fe^n-^fcfi^^cJ:5^Sr^b3fev^ 

©#ftT?SI£«rfrv\ *S*#fc Wft»***tfc ©KiSK: J: • 
lei; & £ ftfc^ ft^Bl^A ^ -^«J £ 9 £ r 5 Xig Sr^tr 

#&«r«#W-5t>©T?fc5. £©#&©»* UMfcfcfciftff* ^#ffil 
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JglBHu DAR-M Tb 3 W£ DAR-MT ktf&frt 

53RKl*5l>-C\ Tb 3+ ^fr^f) DAR-M Xfi DAR-MT -^gft^l^/V^-^ft 
(FRET)/5*££ % DAR-MT "Cfi FRET * 5 DAR-MT CTci^ £ £ 
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^1% 0** (A)ttTb 3t i#:i DAR;4I ]U (B)teTb 3+ $gft 

J&2HK*, *?g^©»j;?)tIWyn-^i: UT DAR-M £:JlV N T — Wt 
H3Btt. Eu 3+ $t#<Dl&3fe;*^ SNR3 ©RJR;*^ WKDSfc D 

Bffl#fFttl^ 2000-50868 ^ (2000^2^ 28 UiUm) 

(cm **Lfeft***=*/v^-«Hb (fret) (c J: •? SMKif* t U 

L < (iSufS FRET. ± 0 !feCfcS#frOft^afla!«3te«rl*IHdW!lfllt3fetWJ&(TRP) 

ajfe#*4fc«0«JHtt#|C|RS**l4VN^, flfctf, Ca 2 \ Zn 2+ 

#»K£#^#j(c£OS-t?§\ a>o.-t©£j£fcJ: B£ft££C5 t>©^fc*itfv* 
a»*5t>G>S:JlvvCt>J:v\ fflJiiSfc&^T r^sWtcSJtSj fcv»5ffii&Wu 

«t©^j&i-5ttK£#efcCw<5;^ a^^ff©a£*snriB(c*5*ffi 
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m^^%^n^mm^m^b^^xik%^^mm\^^x^m 

T^yy/^U±y(ymmW 10-226688 J?7^/n^y 

f|3|# (BlS&n W099/01447 tnUtt), M^^^P-^ H-040325 
*W»l»h -fi^*aiJ^7°P-^ (Hgg^H W099/51586 -g-Hffl*) sfc^ 
£>ft5 0 , SBK&H W099/01447 ^«l*»C|B«*tbfc^T ^ 7 
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tt % #*^-1?££&L^ft&£C5PhiPhiLux-G2D2 (Oncolmmuni |±®i) 0 (rgf 

7# s/*ji*ife.K ^±*t pp. 201-204, 1999) wsri^ 

3„ PhiPhiLux-G2D2 {4, *^^-f-3, - 7 ft J: otlDi £*L5#MlftT 
5 7 KBftl (GDEVDGID) .©M««*Ve*l 1 Wob-^« ^JWfcfc Ufc#5i 

•3fetfcM-e#4UTVN§ 0 ££©^&H:«fc*K GDEVD b GID 

Eu 3+ (a-Plf!>Mty)> Tb 3t (x/Vt^A-T^-^), Sm 3+ (if-v JJ * A-f j^V) , 

Dy 3+ (^yni/|>A/ftv) ftWyyf yj VJX-ytfmQfrb^i'— Y% 

^/^SKfi^i: UT^^qcDDTPA (Diethylenetriaminepentaacetic Acid) M 
o-cas>«DTPA-csl24Sr"fe/Hf^'fe (Selvin P. R. et al, J. Am. Chem. 
Soc, Vol. 117, pp. 8132-8138, 1995) ©#«fcT?£jfcU WfetlfcEtt-TF-*^^ 

y-r Mtyj:WT?i^t5:tCJ:ot7y?;'( Mty«*«r#5ri 

TB\ Stryer L. , Ann. Rev. Biochem. , Vol.47, pp. 819-846, 1978 ftiffcfElfe 
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iitm^m^m too, m±mm^mm^n as-ct 
**3 % 'juwfr&fttrau -jRWfctt, zom-foft ivm*t> la-^gg©** 

^3te$IJ^^OV>T» > Hammila I. & Webb S. , Drug Discovery Today, Vol.2, pp. 
373-381, 1997 |C»lBfc|fflfcS*tTi8 5 < 

ft{ft4*^tflUWIii LtilftSiis. m^oM^fi, jfcBicjtXTWas 

m<om&®, wsmkm, mam, m.m^m±<Dmm(Dm^tvxm 

tf4 1 : #mtt&1fr7n -7 (DAR-M) ©j^t 

W099/01447 ^-0J^#^|E«O^«5tLfc DAR-1 [3, (i^ 
y)-9-(3, 4-^75 J -2-t> AsiS^^y ^-^^Is^V *7 J* • 
m**-*; U 3 *-fb* 5v^£ DAR-1 LX 1. 7 «$*an*. % 80tfcl 
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iitfc, i gnosis m<Dm3mmki?* i ?/i'fc<D£.rfmg.$:TLc -zm&L 

**7 LfCo QLf&Vl* V V tS u^Yifyyj U/< ? T J Zf TLC "Cffl 

UT DAR-M [3, 6-tT* ($?if/W7 ^ J ) -9~t3-T 5 J -4(N-^ 5vVT. ^ / )-2-# 

m.p. 150-1 54T: 

*H-NMR (300 MHz, CDC1 3 ) 5 1.13 (12H, t, J=7.0), 2.86 (3H, s), 3.33 (8H, q, 
J=7.0), 6.37-6.43 (5H, m), 6.75 (1H, d, J=7.9), 6.81 (2H, d, J=9. 0) 
FAB-MS 487 (MM) 

±iB-c#fc dar-m * ; -Mmmu -mit^m^f ***k%ik h ttmm 

2££@£ Lfc 0 ^W^f^ TLC fc£ 9 ftMUT DAR-MT [3, 6-tf * (i^cx^/V 

r 5: /)-9-(4-#/v#>^-i-p< f^yy b y Ti/-/W5— f» y ? 

m.p. 155-160t: 

: H-NMR (300 MHz, CDC1 3 ) 8 1.12 (12H, t, J=7. 1), 3.32 (8H, q, J=7.1), 4.37 
(3H, s), 6. 31 (2H, dd, J=9. 0, 2.5), 6.43 (2H, d, J=2. 5), 6.58 (2H, d, J=9.0), 
7.26 (1H, d, J=8.6), 7.83 (1H, d, J=8. 6) 
FAB-MS 498 (M*+l) 

M2 . 
(1)1*#HZ» 

DTPA (Di ethyl enetriaminepentaacetic Acid) WMW-<0— o-CfoS DTPA-csl24 
$rir/Hf'^Pj (SelvinP.R. etal, J. Am. Chem. Soc. , Vol.117, pp. 8132-8138, 
1995) <D%mi?&J& LfCo lOmM DTPA-csl24 <D DMS0 X XJP^m<D lOmM TbCl 3 

TK^^^r^ L ' mtikg. 10 M t ft 0. 1M Tris-HCl ( P H8. 8) & 

$Vn-C«U 30 ^i^fiLTx/Hf^A^^-y^ (Tb 3+ $£ft) 
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fee mm Tb^it<D®m\zm 1 x*mtc dar-m x& dar-mt *zti?ti&m& 1. o, 

2.0, 3.0, 5.0, IO.OmM t3L&5J;9»U $J£fCffiV^c 0 DAR-M Xtt DAR-MT 

«r Tb 3 m b £ *4vM(ia©»W«rW« UTS* i LT 0»i Jfefc JB v Nfc 0 

(2) TRF ^^<? h^<DMfe 

Mode: Phosphate, Excitation-' 328nm, Delay Time: 50 jli s, Flash Count: 1, Gate 
Time: 1.00 ms, Cycle Time: 20 ms., Slit $3 : 2. 5 nra (Excitation, Emission 
^ii), Scan speed: 900 nra/min 

JBf*fcJRlBfc:*1\ Tb*Wtk DAR-M #5*#f53R (£ 1A B9) DAR-M 
£>m&fcftmz Tb 3 W^**1-5 545 nm ©^3te3ft«©«/>*t««l$^fc 0 -* % 
Tb 3 W^ DAR-MT (H IB El) "CH\ DAR-MT (Dm^^K Tb 3 *$g 

545 nm Qftftaft?tt^#ttS£ft£ k i Tb 3t m*5fe©^ 
ft<t ttSU© 584 nm |C t'-^ H^-f 5^3fe^W^ Lfc 0 DAR-M Xtt DAR-MT £ Tb 3+ 

tlf^ DAR-M DAR-MT « Delay Time 50 jus ^i^.5S^Of*^f LtV^ 
fcV^j£a&£*i,fc 0 £JLtJ;9, Tb^^XtF DAR-M 3 3RT!tt, Tb 3 WM> 
DAR-M FRET tf$£Cfc#, DAR-M ^3fe**$ ft^fc* Tb 3+ $g#©3£ft&^ 

Tb 3 W&tf DM-MT Tb 3 W 
DAR-MT ~>tf> FRET C, r. © FRET {C «fc 5 DAR-MT <0**Mfr^feas& Cfc £ 

(3) j£^#£>« 

KTo*AtH»feftfr*C±IB(i)«>WBH!:ov^T 50 » s tefc**»|£4raifcU 
I=I 0 ex P (-t/ T ) <D^^fc-C{i*«w^*iH^**fCo D , 

3£ft#i% (r) 
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Mode: Short Phos. Decay, Excitation: 328 nm. Emission: 545 nm &fcf3: 584 nm N 
Flash Count: 1, Gate Time: 0. 01 ms N Cycle Time: 20 ms. Slit ffiMO nm, Integ. 
Time: 1. 0 s 

Tb 3i $t#£ DAR-M^*^1~5^ DAR-M £)?IJ) t?W: N DAR-M ©«ftft#«J 

Tb 3+ $|#:^ft^i-5 545 nm O^3fe##^^iUfc 0 Tb 3+ $t#i DAR-MT 

##£1-*5& (*+© DAR-MT '^J) -Ctt, DAR-MT Tb H «tfrKl* 
M1T2> 545 nm Ot^l: , Tb 3+ ^#:S*(D^ ^ tt*J©*ffcK:tB3lLfc 584 nm 

SE(2)©«£££P]«fc: % Tb^frS^W^^fiSlJfDfffc^mmbfc 584 ran ©* 
Kit, Tb»1ffli*b DAR-MT FRET ifi^oftW^ FRET KlJ;»>£Cfc 
DAR-MT ©*JlM^^3tet?fcS - i flJfc^ofc. 



*1 







DAR-M 


DAR-MT 


Run 


Sample 


T 546(ms) 


T 646(ms) 


T 684(ms) 


1 


10MMTb 3+ DTPAcsl24 


1.52 


1.52 




2 


Runl+1 n M DAR M# 


0.59 


0.45 


0.45 


3 


Runl+2MMDAR^W 


0.29 


0.29 


0.29 


4 


Ruii1+3mMDAR^#: 


0.22 


0.19 


0.19 


5 


Ruii1+5mMDAR^W 


0.13 


0.13 


0.13 


6 


Runl+10 n M DAR flgzgft: 


0.08 


0.08 


0.08 
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10 mM DTPA-csl24<DDMS0»ifc&J;tfS*© 10 mM TbCl 3 7k^£^Ufc#, 
IMME IOizM i fcSftfc: 0. 1M V h y *A$$r$ (pH7.0) &fl!Vvt#3Rl, 

30 #£*±;ftfiLT#fc Tb 3 W^, £ 10 mM DAR-M DMSO jgft&Kftg 3. 0 

±IB(l) ^fenfc-IMba*»36l«****^fc7^,J»»U4a8 &J3ij£& 
^328nm, 584 nm ©^ft&&<&^b£©$l$K$l£Lfc, ffl^HM 120 

W«^l*t-|ftl$^ait5-|jl;li — T?fc<5 N0C13 £ 
«F»g'iO/iM i ft 5 i 5 fcSSin U 3600 %>1zT?mM%®$l^1t 0 —Wtft&mmfe 

ton t ztiztimm&m M^xa dar-m im&mm i^xnm t vtz a 

W : B&F-4500, 

Mode: ^3feP#HTOb$J^ Excitation: 328 nm, Emission: 584 nm, Slitffl: 2.5 
nm (Excitation, Emission ft W/UWEE: 950 V 

-mkmmmfem£fc#i?z%ffim(Dmtifmkfrb dar-m (o^.<o^m<o^% 

$t4t%m 2 Ktf Lfc„ N0C13 mQW.&£ *) 584 nm 0>&3te3&£<0ii*;&SjR 

(l)SNR3©»5t 

(a)2-t Kndf-w-x h7t Kn^y y *V [l,9-hi] (2'-#/M?^i~<vyV 
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mfc??^ (2g, 13.5 mmol), 8-t Ko^>3V }) V>> (l g, 5.28 mraol) 

&h,wry (30 ii)^i^Lt«ii«tfe 0 ' mm^^s mmz^v* 

tf)Vfi 7A^o?f^77^ (AcOEt / CH 2 C1 2 = .1/1) Xffim LX B 
(W40%) o 

'H-NMROOO MHz, DMSO-dj) 6 1.68-1.91 (m, 4H), 2.32-2.46 (t, 2H,J=6.2Hz), 
2/55-2.63 (t, 2H, J=6.2Hz), 3.15-3.30 (m, 4H), 6.40 (s, 1H), 7.32 (d, 1H, 
J=6.6Hz), 7.55-7.68 (m, 2H), 7.94 (d, 1H, J=7.5Hz), 12.95 (s, br 1H) 

(b) 6-N, N-v^^WT 5! J 7 h — /U 

6-T$; -1-1-7 (2g, 12.6 mmolK (lOg, 64 mraol) , h 

V^/lsT^y (1 ml) %m7ki?*^/\'*/\'J±T$. K (5ml)^-C^#U, 120°C 
X5ti?MW$^tz 0 &J»a^K:200 ml <7)i?? c/M * ^^p^SfeL, £ib£ 

^ 7i^nvF^77W- (n-hexane : CH 2 C1 2 =1 : 9) XffiWk L T @ 
fc OfcTOO, 

1 H-NMR(300 MHz, DMSO-dj) 5 1.20 (t, 6H,J=7.0Hz), 3.44 (q, 4H), 6.47 (dd, 
1H, J=7.0, 1.3 Hz), 6,84 (d, 1H, J=2.6Hz), 7.07 (dd, 1H, J=9. 3, 2.6 Hz), 
7. 21 (m, 2H) , 8. 00 (d, 1H, J=9. 4 Hz) 

{c)Z-V'^;VT % y-10-r h7tKc^y^; [1, 9-hi]-9-[2'-^7/V#>v'7 
•;r:=;W]-^^i/[c]^y^!J 9 J± (SNR3) 

±fB(a) T-#PjtUfc2-t Ko dr^-4-7 1 h> t Ka U 5V [1. 9-hi] (2' 
^^i/^y/-f;U)^yfy (60mg, 0.18mmolh ±lB(b)l?#k;ft,fc6-N,N-v^ 
TvPT 5 / -1-^-7 >-/U (40 mg, 0. 18 mmol) &y * (2 ml) (C^fi? 

U 85 Wl2l$|RHJi#l,fc. Rl&a^Sr^lfes *$J;-t500ml 
m&WL*%lfcX'%tm Lfc# ib2£i;tNaOH7k&?&T-*fn U $ <b (C5 ml J&k^^n 
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z-x B^m Ltc 0 $zctcttm.&mLL^s y * 9 * * p v h ^7 7 ^ - (10% 

MeOH /CH 2 C1 2 ) LX g ttfc&fcfc (»20%) 

l H-NMR(300 MHz, DMS0-d 6 )- 51.23 (t, 6H, J=7. 0 Hz, a); 2.12 (m, 8H, b) ; 3.11 
On, 4H, c) ; 4. 13 (q, 4H, J=7. 9 Hz, d) ; 6. 24 (s, 1H, e) ; 6. 59 (d, 1H, J=8. 8 
Hz, f) ; 6. 79 (d. 1H, J=2. 6 Hz, g) ; 7. 17 (m, 3H, h, i, j) ; 7. 62 (m, 2H, k, 1) ; 
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